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INTRODUCT I ON 
Chlorsulfuron, sulfometuron methyl and metsulfuron 
methyl are new herbicides. They are effective in controlling 
weeds in different areas. Generally, they are applied at 
very low levels. Their decomposition rates vary with soil 
moisture, pH, etc. . Since they may be used year after year 
and their decomposition rates are not very rapid in this 
climate, the persistence can be a problem with herbicide 
carryover harming crops in the following years. Therefore, 
there is a need for a method to measure very low levels of 
these herbicides in soil and water to ensure that the 
quantities which might be present are not sufficiently large 
to be injurious to agricultural crops. 
The objective of my thesis research was to develop a 
method to determine herbicides chlorsulfuron, sulfometuron 
methyl and metsulfuron methyl in soil and water and estimate 
the detection limits with the instruments available in this 
school. Much of my work involved efforts to improve detection 
levels, and this involved a study of a number of extraction, 
cleanup and chromatography methods. 
REV I EW OF L I TERATURE 
Chlorsulfuron, sulfometuron methyl and metsulfuron 
methyl are sulfonylureas of the following structures : 
Chlorsulfuron 
0 . 
II . N�CH• ©- so, - NH - C - NH-\Q COOCH:� CH, 
Sulfometuron Methyl 
Metsulfuron Methyl 
Chlorsulfuron, sulfometuron methyl and metsulfuron 
methyl are weak acids with pK values 3 . 8  (Zahnow, 1982), 5.7 
(Zahnow, 19 85) and 3 . 3  (Farm Chemicals Handbook, 1986) 
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respectively. They are soluble in alkaline solution as well 
as in some organic solvents. 
Since 1970, several methods have been reported to 
determine sulfonylurea drugs in dose form or in serum, blood 
and urine. 
Gas chromatography has been used for sulfonylurea drug 
analysis. The sulfonylureas must be derivatized to more 
volatile and stable compounds by reacting the polar NH groups 
with dimethyl sulfate, methyl iodide, or diazomethane. 
Derviatization with dimethyl sulfate has been reported by 
Kleber et al. ( 1977), Prescott and Redman ( 1972), Sabih and 
Sabih ( 1970) and Simmons et al. ( 1972). The application of 
diazomethane was discribed by Braselton et al. (1975, 1976, 
1977), Midha et al. (1976), Taylor (1972), and Taylor et al. 
( 1977). Later, Hartvig -- et al. ( 1980) found an extractive 
methylation method involving methyl iodide in methylene 
chloride. 
The use of liquid chromatography with a normal or 
reverse-phase system for sulfonylurea drug analysis has been 
reported by Beyer (1972), Harzer (1980), Molins et al. 
(1975), Raghow and Meyer (1981), Reinauer et al. 
(1980),Robertson et al. (1979), Syed et al. (1976), Uihlein 
and Sistovaris (1982), Waahlin-Boll and Melander (1979), and 
Weber (1976). However, It has been reported that it is not 
necessary to form derivatives in liquid chromatography since 
sulfonylureas generally give adequate 
ultraviolet absorbance detectors. 
response 
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with 
However, the sensitivity requirements for sulfonylurea 
herbicides chlorsulfuron, sulfometuron methyl and 
metsulfuron methyl in soil and water are much greater than 
sulfonylurea drugs in dose form or in serum, blood and urine, 
and in addition, extraction procedures used for soil and 
water analyses liberate substantial quantities of impurities 
which interfere with the determination of these herbicides. 
To obtain adequate sensitivity and also eliminate 
undesirable responses from coextracted materials, Zahnow 
( 1982, 1985) developed a method to determine chlorsulfuron 
and sulfometuron methyl in soil and water by high-performance 
liquid chromatography (HPLC ) with a photoconductivity 
detector. However, the photoconductivity detector is new and 
not yet widely available. 
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EXPE R I M ENTAL 
Several types of extraction, cleanup and chromatography 
have been studied in this research to improve the detection 
limits. Soil used was silt loam from the Southeast 
Experimental Fann, Beresford, S.D. and water used was tap 
water. 
Extraction Procedure -- Soil 
1. Alkaline Solution Extraction 
Since chlorsulfuron, sulfometuron methyl and 
metsulfuron methyl are weak acids, they could be extracted 
by alkaline solution from .soil. A 100-g sample was weighed 
into a 300-mL flask in which 100 mL of aqueous O. lM Na2co3 -
0. 1M NaHco3 ( pH= 10.0 ) was added. The mixture was shaken 
vigorously by mechanical shaking for one hour. The resulting 
slurry was centrifuged in an attempt to get a clean 
separation. The supernatant liquid was decanted into a 100-mL 
beaker and the volume was measured to calculate the effective 
sample weight. The solvent recovery was defined as follows: 
volume of solvent found after filtration 
solvent recovery = ----------------------------------------
total volume of solvent used 
Unfortunately, even though centrifugation was used, it 
was still very- difficult to separate the aqueous solution 
from soil, and also it was a time-consuming process. 
2. Soxhlet Extraction 
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A 50-gram sample was weighed into a cellulose extraction 
thimble and refluxed with 200 mL methanol in a Soxhlet 
apparatus for four hours. Three replicates of chlorsulfuron 
in soil at a 180.5-ppb level were treated. The recovery and 
standard deviation are 41 . 8% and 4. 3 respectively. At a 
18 0.5-ppb level, the recovery by Soxhlet extraction was low. 
Since the recovery will be lower at a lower herbicide 
concentraction, Soxhlet extraction is not a good extraction 
method for soil analysis . 
3. Methanol-Water Extraction 
A 100-g sample was weighed into a 300-mL flask in which 
a mixture of 90 mL methanol and 10 mL distilled water was 
added. The mixture was shaken briefly at room temperature 
and left overnight. It was shaken vigorously the next day 
by mechanical shaking -for one hour and filtered through 
fluted filter paper into a 100-mL beaker . The amount of the 
filtrate was measured. Three replicates of metsulfuron 
methyl in soil at a 23.8-ppb level were treated . The recovery 
and standard deviation are given in Table 1. 
4. Acetonitrile-Water Extraction 
A solvent system of 80: 20 acetonitrile-water could be 
used to extract chlorsulfuron, sulfometuron methyl and 
metsulfuron methyl from soil. The procedure for 
acetonitrile-water extraction was the same as for the 
methanol-water extraction procedure. Three replicates of 
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met su l furon me thy l  in s o i l  at a 2 3 .8-ppb l eve l were t reat ed. 
The recovery and s t andard deviat i on are given in Tab l e  1. 
Ace t oni t r i l e-wat e r  was a good s o lvent to ext ract 
chl o rsu l fu ron , s u l fome turon methy l  and met su lfuron methy l  
f rom s o i l  s ince it gave good re cove r i e s  and i t  wa s easy t o  
s epara t e  s o lvent from s o i l , s o  acet oni t ri l e-wat er  was u s ed 
t o  ext ract  chl orsu lfuron , su l f ome turon met hy l  and me t sulfuron 
met hy l  from s o i l . 
Tab l e  1. Re coveries and S t andard 
Deviat ions of S o i l  Ext rac t ion 
ext ract ion 
methano l-wat er  
compound 
met su l furon 
methy l  
acet oni t ri l e-wat er  me t su l furon 
me thy l  
Cleanup Procedure - - Soil 
1. SEP-PAK c18 Cart ridge 
ppb 
added 
2 3 .8 
23.8 
% 
re covery 
4 8.5 
90.1 
SD 
5.4 
0. 1 
The S EP-PAK c18 Cart ridge ( Wat e r s  As s o c i at es ) cou l d  be 
u s ed to  e l iminat e t he cont aminant s wi t h  higher or l ower 
p o l ari t i e s  than chl orsul furon , su l fometuron methyl and 
met su l furon met hy l. The SEP-PAK c 18 cart ridge s amp l e 
preparat i on s t rat egy includes three s t ep s :  
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S t ep 1. E l iminat e hi gh po l arity compounds  by washing t he 
SEP-PAK cart ridge with a po l ar s o lvent. The po l ar s o lvent 
shou ld  b e  cho s en s o  that the compound ( s ) o -f int ere s t  i s  
ret ained on the cart ridge. 
S t ep 2 .  Remove t he compound ( s ) of int ere s t  by washing 
the SEP-PAK cart ridge with a l e s s po l ar s o lvent . The 
cart ridg e  e luent co l l e ct ed can now b e  b rought t o  a known 
vo lume for fina l ana ly s i s _. 
S t ep 3 .  The non-po lar compounds remaining on the 
cart ridge can b e  e lut ed with a non-po l ar s o lvent , or 
discarded a l ong with the spent cart ridge. 
S ince wat er  i s  more po lar t han met hy l ene chlo ride , wat er 
and met hy lene chloride , respe ct ive ly , were s e l ec t ed as a 
p o l ar s o lvent in s t ep 1 and a l e s s  po l ar s o lvent in s t ep 2. 
The b a s i c  c l eanup procedure o f  u s ing t he SEP-PAK c18 
cart ridge was as fo l l ows: 
(1) Evapo rat e acetoni t r i l e  by u s ing a ro t ary evaporat�r 
(2) Bring aqueous so lut ion t o  a des i red vo lume by adding 
di s t i l l ed wat er 
( 3) Adju s t  pH to 3. 0 by adding 3 N hydro chlori c acid 
dropwi s e  whi l e  me asuring with a pH met er 
(4) Put aqueous s o lu t i on t hrough t he SEP-PAK c18 
cart ridge and di -s card the e f f luent 
(5) Add 2 mL methy l ene chl o ride t o  t he cart ridge and 
co l l e c t t he e f f luent 
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( 6 )  Evaporat e methy l ene chloride t o  a de s i red final 
vo lume wi t h  a gent l e  nit rogen s t ream 
The S EP-PAK c18 cart ridge shou ld b e  p revi ous ly washed 
with 2 mL o f  met hano l and 2 mL of di s t i l l ed wat e r . Although 
the SEP-PAK c18· cart ridge was easy and s imp l e  t o  u s e  in thi s 
s tudy , the b ackground int erference was a p rob l em .  The 
cont aminant s were no t removed very we l l  by u s ing the SEP-PAK 
cl8 cart ridge. 
2. SEP-PAK S i l i ca Cart ridge 
The S EP-PAK s i l i ca cart ridge ( Wat ers As s o c iat e s ) a l s o  
c an b e  u s ed t o  remove the cont aminant s w i t h  higher o r  lower 
po l ari t i e s  t han the compounds chl orsu l furon , s u l fometuron 
met hy l  and met s u l furon methy l. The SEP-PAK s i l i ca c art ridge 
s amp l e  preparat ion s t rat egy inc ludes three s t ep s :  
S t ep 1. E l iminat e low po l arity comp ounds b y  was hing the 
SEP-PAK cart ridge wi th a non-po l ar s o lvent . The non-po lar 
s o lvent s hou ld b e  cho s en s o  that the compound ( s ) o f  int ere st  
is  ret ained on  the  cart ridge. 
S t ep 2 .  Remove the compound ( s ) of int e re s t  by washing 
t he S EP-PAK cart ridge wi th a mo re po l ar s o lvent . The 
cart ridge e luent co l l e c t ed can now be brought t o  a known 
vo lume f o r  f ina l ana ly s i s. 
S t ep 3 .  The p o l ar compounds remaining on t he cart ridge 
can be e lu t ed with a s t i l l  mo re po l ar s o lvent , or d i s carded 
a l ong w i t h  t he spent cart ridge. 
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Me thy l ene chlo ride was se l e ct ed as a non-p o l ar so lvent 
in st ep 1, and 95 : 5  methy lene chloride-met hano l or 90:5:5 
me t hy lene chlo ri de-methano l-acet i c  acid were sele c t ed as mo re 
po l ar so lvent s in st ep 2. The b asi c c l e anup p ro cedure o f  
using the SEP-PAK si l i ca cart ridge was as fo l lows: 
(1) Evapo rat e acetoni t ri l e by ro t ary evaporat ion 
(2) Bring aqueous so lut ion t o  a desi red vo lume by adding 
dist i l l ed wat er 
(3) Adjust pH t o  3 . 0  by adding 3 N hydro chl o r i c  acid 
dropwise whi l e  me asuring wi th a pH met e r  
(4) Part i t i on aqueous so lut ion w i t h  methy l ene chloride 
and d isc ard wat er  layers 
(5) Put methy l ene ch lo ride through t he SEP-PAK si l i ca 
cart ridge and d isc ard the e f f luent 
(6) Add 2 mL o f  95 :5 methy lene chl o ride-methano l or 2 
mL o f  90:5 :5 me thy l ene ch l o ride-methano l-a c e t i c  a c id to the 
cart ridge and co l l e c t  the e f f luent 
( 7) Evap o rat e the e f f luent t o  a desi red f ina l vo lume 
with a gent l e  ni t rogen st ream 
The SEP-PAK si l i ca cart ridge shou ld b e  p reviously washed 
with 2 mL o f  hexane . The prob lem with t he SEP-PAK si l i ca 
cart ridge in this st udy was t o  f ind the so lvent whi ch cou ld 
wash the compounds chlo rsu l furon , sul fome t uron methy l  and 
met su l furon me thy l  o f f  wi th l ess b ackground. I f  95:5 
met hy l ene chl o ri de-methano l was used , chlo rsu l furon , 
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s u l fome turon me thy l  and met sul furon met hy l  were ret ained on 
t he cart ridge. Acet i c  acid is a s t rong s o lvent f o r  s i l i ca and 
i t  can b e  u s ed t o  increas e the de s o rp t ion o f. t he compounds 
chl orsulfu ron , s u l fometuron methy l  and met s u l furon me thy l  
f rom t he · s ili ca. However ,  9 0: 5 : 5 methy l ene 
chl o ride - methano l - acet i c  acid washed l o t s o f  cont aminant s 
o ff , and t he background was t o o mu ch in t he HPLC ana lys i s . 
3. Sephadex LH- 2 0  
S ephadex LH-2 0 i s  a type o f  packing f o r  s i z e-exc lus i on 
chromatography. It  cons i s t s  o f  sma l l po lymer part i c le s  
cont aining a network o f  uniform p o r e s  int o whi ch s o lu t e  and 
s o lvent mo l e cu l e s  can di f fu s e. Whi l e  in p o r e s , mo lecules  are 
e f f e ct ively t rapped and removed f rom t he f low o f  the mob i l e 
phas e. The average res idence t ime in the p o r e s  depends upon 
the e f fe ct ive s i z e  o f  th� analyt e mo l e cu le s .  Mo l e cu les  that 
are l arger t han t he average pore s i z e  of p a cking are exc luded 
and t hus undergo e s s ent ial ly no ret ent i on ; s u ch spe c i e s  are 
the f i rs t  t o  be elu t ed .  Mo lecu l es  having d i amet ers that are 
s igni f i cant ly smaller than the pore s can p ene t rat e throughout 
the pore maz e  and are thu s  ent rapped f o r  t he great e s t  t ime ; 
the s e  are las t t o  b e  elu t ed . Between the s e two ext reme s are 
int ermedi at e - s i z e  mole cule s who s e  average p ene t rat i on int o 
t he pores o f  t he packing dep ends upon the i r  d i amet ers.  Within 
thi s group , fract i onat ion o c curs , whi ch i s  direct ly relat ed 
t o  the mole cular si ze  and to s ome ext ent mole cu l ar shape. 
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S i z e-exc lus ion chromatography can b e  u s ed to s eparat e 
t he compounds chlo rsu l fu ron , su l fometuron methy l  o r  
met s u l furon me thy l  and cont aminant s.  The b a s i c.p ro cedure o f  
u s ing S ephadex LH-20 t o  remove s ome b ackground in thi s s tudy 
was as fo l lows: 
(1) Evaporat e acetoni t ri le by u s ing a ro t ary evaporat or 
(2) Bring aqu eou s so lut ion t o  a de s i red vo lume by adding 
di s t ill ed wat er 
( 3) Adj u s t  pH t o  3. 0 by adding 3 N hydro chlo r i c  acid 
. dropwi s e  whi l e  me asuring with a pH met er 
(4) Part i t i on aqueous so lut ion with met hy lene chlo ride 
and d is c ard wat er  layers 
( 5 ) Evap o rat e methy lene chl oride t o  1 mL 
( 6) Put me thy l ene chloride so lut ion on t he top o f  the 
Sephadex LH-20 column 
(7) Add met hano l on the S ephadex LH-20 co lumn and 
co l l e ct the po rt ion whi ch cont ains t he compounds 
chl orsu l furon , s u l fometuron methy l or tne t s u l furon methy l  
(8) Evapo rat e methano l t o  a de s i red f ina l volume with a 
gent l e  ni t ro gen s t ream 
The S ephadex LH-20 co lumn was 20 em x 2 em i. d .. Be fo re 
packing , S ephadex LH-20 s hou ld be mixed with methano l and 
al l owed t o  swe l l - for  10 minut e s . The vo lume o f  methy l ene 
chl oride put on t he t op o f  the S ephadex LH-2 0 co lumn mus t  be 
very smal l t o  avo id zone broadening . A s t andard s o lut ion was 
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run and anal y z ed by HPLC t o  decide whi ch p o rt i on of methano l 
wou ld cont a in the compounds chlo rsu l fu ron , s u lfometuron 
methy l  or met sulfuron methyl b efore t he s o il ext ract was 
t reat ed. 
The S ephadex LH- 2 0  co lumn can b e  u s ed t o  remove 
impuri t i es  with larger or smal ler mo l e cular s i z e s  t han the 
compounds chlo rsu lfuron , su l fometuron methy l and rnet s u lfuron 
methy l . The problem with .the S ephadex LH-20 c o lumn c l eanup 
was t he b ackground int e rference . Some cont aminant s were given 
off by S ephadex LH-2 0 it s e lf .  
4. Bi o-B e ads S-XB 
B i o-Beads S-XB i s  ano ther kind o f  p a cking for s i ze  
exclu s i on . A B io-Beads S-X8 column was  prepared by weighing 
2 0  g B i o-Beads S-XB and mixing i t  w i t h  t e t rahydrofuran . 
B i o-Beads S-X8 was allowed t o  swell f o r  1 0  minut e s  in the 
t e t rahydro furan and was packed in a g l a s s  co lumn. The 
B i o-B eads S-X8 co lumn in thi s  study was 2 0  em x 2 em i.d. 
The pro cedure o f  u s ing Bio-Beads S -XB f o r  cleanup was 
the s ame as that of us ing S ephadex LH-20 exc ept t hat 
t et rahydro furan was u s ed ins t e ad of methano l .  
The problem wi t h  the Bi o-Beads S-X8 column c l eanup was 
t he b ackground int erference. A B i o-B e ad s  S -XB column was 
als o u s ed wi t h  chlo ro form cleanup t ogether in thi s s t udy , but 
the background problem s t ill exi s t ed. 
5. Dowex Ma croporous Re s in 
Hll TON U. BRTSGS LIBRARY 
South Dakota State University 
Brookings, SO 57007·1098 
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Dowex macroporous resin is a strongly basic anion resin 
of ion-exchange. It contains some functional groups 
+ 
- . 
-N (CH3)3Cl . Ion-exchange processes are bas ed upon exchange 
equilibria between ions in solution and ions of like sign on 
the surface of· an essentially insoluble, high-molecular-
weight solid which is called resin. It can be used for 
analytical separation of ions. 
When Dowex macroporous resin (stationary phase) is 
brought in contact with a solvent (mobile phase) containing 
an anion A-, an exchange equilibrium set up can be described 
by 
Stationary 
phase 
Mobile 
phase 
Stationary 
phase 
Mobile 
phase 
The equilibrium constant Kex for the exchange reaction 
shown above takes the form 
Kex = 
[-N + ( CH3 ) 3 A- ] [ C 1-] 
[-N+ ( CH3) 3c1-] [ A-] = 
L- N+ ( CH3) 3A-] 
[A-] . 
(-N+ ( CH3 )3 Cl-] 
[Cl1 
Kex represents the affinity of the resin for the ion A 
relative to ion Cl-. Where Kex is large, a strong tendency 
exists for the stationary phase to retain A-, where Kex is 
small, A is not retained . In other words, Kex reflects the 
"'· 
·. 
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selectivity of ion-exchange resin. Different ions with 
different Kex on ion-exchange resin can be separated. 
In general, the mobile phase in ion-exchange 
chromatography is an aqueous buffer solution, which may 
contain moderate· amount of water miscible organic solvents 
for macroporous type of resin. The mobile phases of 50:50 
water-acetone and water only were used in this study, but 
they were unsuccessful. By HPLC analysis, chlorsulfuron, 
sulfometuron methyl and metsulfuron methyl were not found. 
These compounds may be retained on the column of ion-exchange 
resin. Based on the report of Nelson (1973) that as the ionic 
strength of mobile phase is increased, the retention of most 
of the compounds is progressively reduced, 0. 1 M sodium 
chloride aqueous solution was used. Unfortunately, analyte 
was not recovered. 
6. Arnberlite IRA-93 Resin 
Arnberlite IRA-93 Resin is a macroporous weakly basic 
anion exchange resin which is in the free base form. It 
contains some functional groups -NR
2
. 
Because Arnberlite IRA-93 Resin is a weakly basic anion 
exchanger, the number of active sites available depends upon 
the pH of mobile phase. This is shown by the following 
equation 
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The great er  t he pH , t he fewer the act ive s i t es on the 
re s in .  Therefo re , the great er the pH of the mob i l e phas e ,  
the l e s s  the c ompounds are ret ained . In thi s . s tudy , the 
so lvent s 50: 50 wat er-acetone , wat er , 0. 1 M s odium chloride 
aqueou s s o lut ion ·and 0. 01 M sodium hydroxide were u s ed ,  but 
the compounds chlo rsu lfuron , su lfome turon me thy l  and 
me t su lfuron methy l  we re no t found . They may have b een 
re t ained on the ion exchange co lumn o r  they may have 
de compo s ed . 
7 .  Count ercurrent Ext ract ion 
Liqu id-l iquid part it i on · methods can be ext ended to the 
s eparat ion of s o lu t e s  po s s es sing only sma l l  differenc e s  in 
the i r  part i t ion co effi ci ent s by a method c a l led 
count ercu rrent ext ract ion . Count ercurrent ext rac t ion i s  a 
mu l t ip l e  part i t ion p ro c ess wi th a large numb er of s t age s , 
ent ire ly di s c ont inuous and st epwi s e  in nature . A fre sh 
p o rt ion of so lvent (upper phase or lower phase) is added , and 
the two l iqu i d  phas es  are equ i l ibrat ed with e ach o ther . 
In thi s s tudy , the upper pha s e  was 50 mL 50: 50 
me thano l-wat er  and the l ower phas e was 50 mL methy lene 
chl o ride . S ix 125 mL separat ory funne l s  were used . From 
dist ribut i on o f  a st andard , i t  was found that t he compounds 
chl orsulfuron , s u l fome turon me thy l and me t su l fu ron methy l  
we re ma inly i n  No . 6 upper phase , No. 6 lower phas e and No . 
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5 lower phas e. When thi s method was app l i ed t o  the so i l  
ext ract , the b ackground could no t b e  removed. 
8.  Charco a l  
Charc o a l  i s  a nonpo lar ads o rb ant i n  ads o rpt ion 
chromatography , and it ret ains nonpo lar compounds when a 
p o lar s o lvent i s  u s ed. In the a lka l ine so lut ion , 
chlors u l fu ron , s u l fometuron methy l  and met su lfuron methy l  are 
in ioni c fo rms , and it is as sumed that t hey are no t ret ained 
on charco al.  In thi s way , charco a l  can b e  expect ed t o  
s eparat e nonpo lar impurit i e s  from chlo rsu lfuron , 
s u l fometuron methy l  or  met sul furon methy l t o  s ome ext ent. The 
c le anup pro cedure cou ld be as fo l lows: 
(1) Evap orat e acetoni t r�le by u s ing a ro t ary evaporator 
( 2) B ring aqu eou s  s o lut i on to a de s i red vo lume by adding 
d i s t i l led wat e r  
( 3 )  Adju s t  pH t o  10. 0 b y  adding 1 N s odium hydroxide 
dropwi s e  whi l e  me asuring with a pH met er 
(4) Run thi s aqueou s so lut ion t hrough a charc o a l  co lumn 
(5) Co l l e c t  the e f f luent 
( 6) Adju s t  pH t o  3. 0 by adding 3 N hydro chlori c acid 
dropwi s e  whi l e  me asuring with a pH met er 
(7) Part i t ion aqueous so lut ion wi t h  met hy l ene chloride 
and d i s card wat er layers 
( 8) Evapo rat e methy l ene chlo ride t o  a de s i red fina l 
vo lume 
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When t he s t andards were app l i ed t o  t he co lumn, however ,  
the s e  compounds we re no t det ect ed by HPLC. The s e  c ompounds 
mus t  have b e en re t ained on the charcoal  co lumn or mus t  have 
de c ompo s e d. The charco al  co lumn u s ed in thi s s tudy was p a cked 
with wat e r  and wa s 15 em X 1 em i. d . .  
9. Ch lo rofo rm Ext ract ion o r  Methy l ene Chl oride Ext ract ion 
Fo l l owed by TLC 
S inc e the pK values o f  chl o rsu lfu ron, su lfometuron 
met hy l  and met sul furon me thy l  are 3.8, 5.7 and 3. 3 
re spe ct ive ly , they remain in t he i r  ioni c f o rms in the 
a lkal ine so lut i on. Therefore , various organi c s o lvent s can 
b e  u s ed t o  remove neut ra l  impuri t i e s  by l iqu id-liquid 
p art i t i oning with a lkal ine so lut i on whereas chl orsu lfuron, 
s u l fome turon methy l  and metsu lfuron methy l  st i l l s t ay in the 
a lkal ine so lut ion. Figure _l whi ch was rep o rt ed by S l at e s  
(1983) s hows the e ffe ct o f  p H  on the ext ract i on of 
chl orsu l furon from aque ous so lut ion int o chl o ro fo rm. At pH 
10. 0, the extrac t i on o f  chlorsu lfuron i s  near ly neg l igib l e. 
In o t her wo rds , ch l o rsu l furon i s  no t l o s t  when the neu t ra l  
impu rit ies are removed. 
However, the b a ckground was no t suffi c i ent ly reduced by 
chl oro fo rm s o  t hat it  did no t int e r f ere wi th the 
det e rminat ion of chl orsu l furon , su l fometuron methy l  and 
met su l furon me thy l .  Thin layer chroma t o graphy (TLC) was 
app l i ed t o  reduce t he background further. TLC cou ld separat e 
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Figure 1. Effect of pH on the distribution of chlorsulfuron 
between equal volumes of chloroform and buffered 
aqueous phase 
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the impuri t i e s  w i t h  di f ferent Rf valu e s  from chlorsu l furon , 
s u l fome turon methy l  and me t su l furon me thy l. I t  s hou ld b e  
ment i oned here that TLC only .cou ld no t s u c c e s s ful ly remove 
the b ackground . The c l e anup procedure o f  chl oro form 
ext ract i on followed by TLC i s  de s c ribed b e l ow. 
The a c e t oni t r i l e-wat er f i l t rat e was t rans ferred int o a 
25 0-mL round-b o t t om f l ask and ace t oni t ri l e was removed on a 
ro t ary evaporat or. The re s u l t ing wat er  s o lu t i on was 
t rans ferred t o  a 1 5 0-mL b eaker u s ing 20 mL o f  di s t i l l ed wat er 
to rins e the round-b o t t om f l ask . The pH was adju s t ed to 10.0 
by adding 1 N s odium hydroxide dropwi s e  whi le  measuring with 
a pH met er. The aqueous s o lut ion was then t rans ferred t o  a 
25 0-mL s eparat o ry funne l. I t  was washed 3 t ime s wi t h  5 0  mL 
po rt i ons o f  chl o ro form by s haking vigorou s ly f o r  2 minut es. 
The aqueous s o lut i on .. was drained from t he s eparat ory 
funne l int o a 1 5 0-mL b eaker , and pH was adju s t ed t o  3 .  0 by 
adding 3 N hydro chlo ri c acid dropwi s e  while mea s uring with a 
pH met er. At this  pH , the compounds chlorsu l furon , 
su l fometuron met hy l  and met s u l furon methy l  exi s t  in the 
noni oni c f o rm s  and can be ext ract ed int o various  organi c 
s o lvent s.  Me t hyl ene chloride was u s ed in thi s s tudy. The pH 
adju s tment had to be performed care fu l ly s ince the pH changed 
s l owly . I f  the f ina l pH i s  t oo l ow ,  t here i s  a danger o f  
chemi c a l  d e c ompo s i t ion o f  the s e  compounds whi ch was ment ioned 
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b y  Zahnow (19 8 2) ,  whereas i f  i t  i s  too high , ext ract ion may 
b e  incomp l e t e. 
The aqu eous s o lut ion was trans ferred b ack to t he 2 5 0-mL 
s eparat ory funne l. It  was ext rac t ed 3 t ime s wi th 100-mL 
p o rt i ons o f  methylene chlo ride by shaking vigorou s ly for 2 
minu t e s. The methy l ene chlo ride layers were s eparat ed from 
t he aqueous phas e and were then comb ined in a 2 5 0-mL 
round-b o t t om f l a s k. I t  was t aken t o  dryne s s  on a rot ary 
evapo rat or. The re s idue  was t rans ferred to a gradu ated t e s t  
tub e  and met hy l ene chlo ride was evaporat ed t o  0.5 mL with a 
gent l e  nit rogen s t ream. The ext ract was t hen t aken for 
fu rthe r c l e anup by TLC. It was spo t t ed on a s i l i ca ge l p lat e 
(Unip l a t e , S i l i ca Ge l GF , 25 0 mi crons) , and s t andards 
di s s o lved in acet oni t r i l e  were spo t t ed on  e ach s ide o f  the 
s amp l e  zone. The solvent sys t em of 9 5: 5 chl o ro fo rm-acet i c  
a c id was emp l oyed in TLC. The chromat ography t ank shou ld b e  
washed and dri ed tho rough ly and the vo lume o f  chl o ro f o rm and 
acet i c  acid s hou l d  be meas ured very care ful ly. S t andards o f  
chlorsu l fu ron , su l fometuron methy l  and met s u l fu ron methy l  
appeared a s  dark spo t s  under short -wave u l t ravi o l e t  light 
were marked , and t he zone whi ch had the s ame Rf value as the 
standards was s craped. I t  was beli eved t ha t  t he s craped 
s i l i ca ge l s hould cont ain chl o rsulfuron , su l fometu ron methy l  
or  me t sulfuron met hy l. Then cot t on was put i n  t he t ip of  a 
dispo s able p ipet  and the s craped s ili ca g e l  was put in the 
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pipet.  Chlors u l furon , su l fomet uron methy l  o r  met su lfuron 
met hy l  were de s orb ed from the s i l i ca ge l with 3 mL o f  5 0: 5 0  
met hano l-methy l ene chl o ride , and the s o lvent was co l l e c t ed 
in a graduat ed t e s t  tub e. The s o lut ion was brought t o  a 
de s i red f ina l vo lume wi th a gent l e  nit rogen s t re am. 
Thi s  c l e anup method was mo re e f fe c t ive than o thers 
ment ioned befo re. If 10 0 g s o i l  was u s ed and the final vo lume 
was brought t o  1 mL or even 5 0 0  g s o i l  was u s ed and t he fina l 
vo lume was b rought t o  1 mL , the b ackground did  no t int erfere 
wi t h  the det erminat ion o f  chl o rsu l furon , s u l fometuron methy l 
and met su l furon me t hy l. Neverthe l e s s , i f  100 g s o i l  was u s ed 
and t he f ina l vo lume was b rought t o  0. 1 mL , the background 
was t o o  mu ch. Thi s was b e cau s e  t he concent rat ion of 
impuri t i e s  in the 10 0 g and 0. 1 mL cas e was twi ce  as high as 
that in t he 5 0 0  g and 1 mL case. How mu ch s o i l  shou l d  be u s ed 
was dependent upon the conc ent rat i on of the compounds 
chl ors u l furon , su l f ometuron me thy l  and met s u l furon methy l  in 
spiked s o i l. In thi s s tudy , 10 0 g s o i l  and 5 00 g s o i l  were 
u s ed f o r  20-ppb l eve l and 2-ppb l evel  re s p e ct iv e ly , and the 
f ina l v o l ume s were 1 mL. 
Me thyl ene ch l o ride was ano ther po s s ib l e s o lvent t o  b e  
u s ed t o  remove t h e  neu t ral  impuri t i e s .  I t  s howed nearly the 
s ame re s u l t  as ch l o ro form. S ince chl oro f o rm i s  known t o  b e  
a we ak anima l carc inogen , methyl ene chl o r ide. i s  a bet t er 
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cho i ce. Methy l ene chl o ride is a l s o  mo re eas i ly evap o rat ed 
and i s  l e s s subje ct to de compo s it ion on s t o rage. 
Cleanup Procedure -- Water 
By l iquid-l iqu id part it ioning with a lka l ine s o lut ion , 
chl oroform could b e  u s ed t o  remove t he neu t ra l  impuri t ie s  
from wat er. A 5 0 0-mL wat er  s amp le  was measured int o a 10 00-mL 
b e aker and the pH o f  wat er was adjus t ed t o  10. 0 by adding 1 
N s od ium hydroxide dropwi s e  whi l e  measuring with a pH met er. 
I t  was then put int o a 1000-mL s eparat o ry funne l and washed 
twi ce  with 100 mL port ions of chlo ro f o rm by shaking 
vigorou s ly f o r  2 minu t e s .  The chl oro f o rm l ayers were 
di s carded. The ac curat e pH measurement is very import ant in 
thi s s t ep t o  avo i d  l o s ing compounds chl orsu l furon , 
s u l fometuron met hy l  or met su l furon met hy l. F i gu re 1 s hows the 
e f fe c t  o f  pH on the ext rac t i on o f  chlo rsu l furon from aqueous 
s o lut i on. int o chl o ro form. Care o f  pH cont ro l mus t  be t aken 
wi t h  t hi s  ope rat i on. 
Bas ed on t he s ame ide a as chl o ro f o rm c l e anup , me t hy lene 
chl oride was ano t her p o s s ib l e s o lvent t o  remove the neut ra l  
impuri t i e s  from wat er b y  part i t i oning wi th a lka l ine s o lut ion. 
The p ro cedure o f  me thy l ene chlo ride c l eanup was t he s ame as  
that o f  chl o ro form c l eanup. 
B o t h  chl o ro f o rm and methy l ene chl o ride removed s ome 
background s o  t hat chl o rsu l furon , su l fome t uron methy l  and 
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met s u l furon me thy l  cou l d  b e  det ermined. However , methy l ene 
chlo ride is a s afer s o lvent than chl oro form. 
Extraction Procedure -- Water 
1. Me thy l ene Chloride Ext ract ion 
Aft er cleanup , wat er was t rans ferred t o  a 1000-mL 
3 .  0 by add ing b e ake r. The pH o f  wat er was re adju s t ed t o  
concent rat ed s u l furi c acid dropwi s e  whi l e  me asuring with a 
pH met er. The pH adju s tment had t o  b e  p e r f o rmed care ful ly 
s ince the pH changed s l owly. I f  the f inal pH i s  t oo l ow ,  there 
is a danger o f  chemi cal  decompo s i t ion of the s e  c ompounds , 
whereas i f  it  i s  t oo hi gh , extract ion may b e  incomp l e t e. Then 
wat er was t rans ferred b ack t o  a 10 00-mL s eparat o ry funne l. 
It was ext rac t ed twi ce with 100 -mL port i on o f  me thy l ene 
chlo ride by shaking vigorou s ly for 2 minut e s .  The methy l ene 
chl o ride layers  were s eparat ed from the aqu eou s phas e and 
comb ined in a 2 5 0 -mL round - b o t t om f las k. The comb ined 
methy l ene ch lo ride layers were t aken t o  dryne s s  on a rot ary 
evap orat o r. The re s idue  was t rans ferred t o  a graduat ed t e s t  
tube w i t h  me thy l ene chl oride and evapo rat ed t o  0. 2 mL with a 
gent le nit rogen s t ream. 
2. Ether Ext ra ct i on 
Ether was al s o  us ed t o  
chlo rsu l furon , s u l f ome t uron methy l  
ext ract t he compounds 
and met s u l furon methy l  
from wat er. However , the recoveri e s  o b t a ined b y  u s ing ether 
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were not as good a s  tho s e  u s ing methylene chl o r i de , as  shown 
in Tab le  2. 
Tab le 2. Re coveries  of chlorsu lfuron , s u l fome turon 
methy l  and me t su lfuron methy l  from wat e r  
�nd s t andard devi at ion 
s o lvent C ompounds 
Methy lene Chl o ride 
Chl o rs u lfuron 
Su lfometuron methy l  
Met su lfuron methy l  
Ether 
chl o rs u lfuron 
Su lfometuron methy l  
Me t su lfuron methy l  
ppb 
added 
1.1 
1.9 
2.4 
1.1 
1.9 
2.4 
% 
re covery 
90.6 
90. 6 
84.0 
69.3 
54.8 
43.2 
SD 
3.6 
4.9 
5.3 
14.8 
1.2 
1.0 
Be caus e methy l ene chlo ride gave a b et t er re covery , it  
w as  u s ed t o  ext ract chl orsu lfuron , su lfome turon methy l  and 
met su lfron met hyl from wat e r . 
Chromatography 
1. HPLC 
The equ ipment u s ed fo r HPLC in t hi s  s t udy cons i s t ed of 
a Mi l t on Roy minipump with Va l co CU6 inje c t o r  and I s co v4 
abs o rbance det e c t o r . The re lat ionship be twe en t he wave l ength 
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of UV det e c t o r  and peak he ight of 53 . 6  ng chl o rsulfuron i s  
shown i n  Figure 2. The wave length mu s t  b e  s e le c t ed t o  ob t ain 
adequat e  s ens i t ivity and s e l ectivity . The wave length giving 
maxima l re spons e of 1 9 5  nm fo r chl orsu lfuron was no t u s ed 
be cau s e  of t he exc e s s ive background int e rference .  The 
wave l ength of 220 nm was emp l oyed in thi s s tudy s ince it  
provided reas onab l e s ens i t ivity and s e le c t ivity. The 
s ens i t ivity  of the UV det e c t o r  was s et at 0 . 00 5  ab s o rb ance . 
The mob i l e  phas e cons i s t ed of 40 p art s by vo lume of 
ace t oni t r i l e  and 60 part s of di s t i l l ed wat e r  adju s t ed t o  pH 
2 . 5  by adding 8 5% pho sphori c acid. The a c idified di s t i l led 
wat er mus t b e  fi l t ered by a mi crofi l t er , and ace t oni t ri l e  
mus t b e  HPLC grade. The mob i l e phas e was pumped through the 
co lumn at 1 . 1 mL/min. 
The co lumn was 25 em X- 4 . 6  mm i. d .  (Al l t e ch As s o c i at e s , 
De erfi e l d, IL) with 5 pm c8 revers ed-phas e  pa cking . 
A co lumn of 2 5  em x 4.6 nun i. d .  with 10 pm c18 
reve rs ed-pha s e  packing (Al l  t e ch As s o c i at e s , Dee rfi e ld , IL) 
has a l s o  b een us ed in thi s s t udy . S ince the p art i c le s i ze 
of the c18 co lumn was l arger than t hat of c8 c o lumn , the 
s eparat i on by u s ing c18 co lumn was no t as good as that by 
using c8 c o lumn. 
Both c8 and c18 co lumns are nonpo lar s t at i onary phases  
in part i tion chromat ography. Ion- pai ring chromat ography has 
ext ended the app l i cat i ons of part it ion s eparat i ons t o  ioni c 
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Figure 2. Rel at ionship between wave l ength o f  UV det e c t o r  
and peak he ight o f  53 .6 ng chl o r s ulfuron 
when the sens it ivity of UV de t e c t o r  is s et 
at 0. 0 1  ab s o rbanc e 
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compounds . When revers ed- phas e  packings  are u s ed, t he mob i l e  
pha s e  i n  ion- pairing chromat o graphy cons i s t s  of an aqueous 
buf fer cont aining an organi c s o lvent s u ch as  methano l or 
a ce t onitri le and a count er ion of oppo s it e  charge to the 
ana ly t e . I on pairing chromat ography has a l s o  b e en us ed in 
t hi s study. The co lumn in ion-pairing chromat o graphy was c18 
co lumn , the mob i l e phas e was 40:60 acet onit rile-wat er whi ch 
contained count er ion CH3 (CH2) 15 ( CH3 ) 3N
+ 
at a pH o f  6. 4 or 
40:60 a c e t oni tri l e - wat er whi ch cont ained count er ion 
+ 
(C2H5)3N H at a pH o f  6. 0. However , ne ither o f  t hem gave good 
re s ul t s  s ince t hey gave bad b as e l ines and peaks  o f  
chl orsu l furon , s u l fometuron me thy l  and met su l furon me thy l  did 
not show up. The conc entrat ion of count er ion in i on- pairing 
chromat ography i s  import ant. I t  may not b e  right in both 
cas es.  
2. GC 
Gas chromat ography (GC) i s  ano ther po s s ib l e method for 
determinat ion .  In GC , the s amp l e  i s  vap ori z e d  and inje c t ed 
ont o t he head o f  a chromat o graphi c co lumn. Obvi ou s ly , 
chl orsulfuron ,  s ulfometuron me thy l and met sulfuron met hy l  
mus t  be derivat i z ed t o  more vo lat i l e and st ab l e  compounds by 
react ing the po lar NH groups with diazome thane CH2N2 for GC 
analysi s.  The re sult ing compounds cont ain ni t rogen whi ch can 
b e  det e c t ed by a t hermi oni c det e ct or. The thermi oni c det e c t or 
29 
i s  s e le ct ive for organi c compounds cont aining pho sphoru s  and 
ni trogen . 
The working condit ions o f. GC ana lys i s  were as  fo l lows: 
Ins trument: 
Det e c t or.: 
Co lumn 1: 
Co lumn 2: 
Mob i l e  phas e: 
Det e c t or t emperature: 
Inje c t or t emperature: 
Oven t emperature: 
Vari an 3 7 0 0  
Thermi oni c Det e c t or 
3% OV-10 1, 6'  x 4 mm i.d . 
1 . 5 /1 . 9 5% OV- 1 7/QF- 1, 
6'x 2 mm i . d. 
Nitrogen gas 
However, GC was no t as good as  HPLC b e cau s e  of the 
b ackground. There may b e  t o o  mu ch organi c mat t er in the 
co extracted mat eri a l s . A t emperature program whi ch gave 
b e t t er s eparat ion was u s ed in an at t empt t o  s o lve thi s  
prob l em .  The program was: 
Ini t i a l  t emperature: 
Time (t emperat ure s t ays  
on  the  ini t i a l  t emperature ) :  5 min 
Pro gram rat e: 
Fina l t emperat ure: 
T ime (t emperat ure s t ays  
on  the f ina l t emp erature ) :  . 0  min 
Unfortunat e ly, the b ackground s t i l l  int erfered with the 
det erminat ion. 
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Standardization 
The s t andard s t o ck s o lut ions of chl o rsu lfuron , 
su lfometuron methy l  and me t su lfuron met hy l  were prepared by 
we ighing out ·1. 149 mg , 1. 8 54 mg and 2 . 3 74 mg respect ive ly , 
d i s s o lving them in 10  mL a cet oni t rile , and dilu t ing them t o  
des ired concent rat ion with vo lume t ri c  p i pe t s.  The wo rking 
s t andards were u s ed for chromatography as we l l  as for the 
sp iking of re covery s amp l e s.· 
Recovery Experiments 
The det erminat ion of recovery cou ld b e  made by comparing 
the s t andard and · s amp l e. The fo l l owing f o rmu l as  show the 
c a l cu l at i on of re c overy . 
ppm (found) 
recovery = ------------------- x 1 0 0  % 
ppm (added) 
C s t d x V add 
ppm (added) = ------------------
W s amp l e  
where C s t d  = concent rat ion o f  s t andard i n  �g/�L 
V add = vo lume added of s t andard in �L 
W s amp l e  = we ight of s amp l e  in g 
V fina l x W st d x A s amp l e  
ppm (found) = - ----------- -- - - ------------
R x W s amp l e  x V inj x A s t d 
Where V fina l = fina l volume of s amp l e  in mL 
W s t d  = we ight o f  s t andard inje c t ed in ng 
A s amp le = Area o f  s amp le peak 
R = s o lvent re covery after fi l t rat i on 
W s amp l e = we ight o f  s amp le in g 
V inj = vo lume o f  s amp le inje ct ed in pL 
A s t d  = Area o f  s tandard peak 
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S ince t he s t andard cou ld de comp o s e o r  the s o lvent cou ld 
evapo rat e when t he s t andard.was u s ed for s everal months , the 
o riginal c oncent rat ion o f  s t andard may change.  To avo id thi s 
e rro r whi ch wou ld be invo lved in the c a l cu l at i on o f  re covery , 
t he fo l l owing method was u s ed in thi s Stu dy (If appre c i ab l e 
d e compo s i t ion or evapo rat ion o c curs , a new s t andard shou ld 
be made). The s ame vo lume o f  o ld s t andard was u s ed t o  sp ike 
s o i l  or wat er  and t o  make a new s t andard. The new s t andard 
was made by di s s o lving t hi s  vo lume o f  o ld s t andard in the 
acet onitri le  and the t o t a l  vo lume o f  them was brought t o  the 
s ame vo lume as  t he f ina l  vo lume o f  s ampl e. When thi s new 
s t andard was u s ed in chromat ography , the re c overy cou ld b e  
c a l cu l at ed by the fo l l owing formu la i f  t he s ame vo lume o f  
s ampl e  and s t andard were inje ct ed. 
A s ample  
re c overy = 
R x As td 
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The he ight of p e ak can be u s ed ins t ead o f  t he area o f  
p e ak if t he pe aks are narrow and peak widths are the s ame. 
In thi s s t udy, the he ight of peak was u s ed. 
In the re c overy experiment s ,  thre e rep l icat e s  of each 
concentrat i on were det ermined for each compound in s o i l  and 
wat er. The extract i on s o lvent s u s ed for s o i l  ana ly s i s  and 
wat er analy s i s  were 8 0: 20  acet oni tri l e - wat er and methy lene 
chl oride resp e c t ive ly. The c l eanup methods u s ed for s o i l  
ana ly s i s  and wat er analy s i s  were met hy l ene chl oride 
part i t i oning with a lkal ine s o lut i on fo l l owed by TLC and 
methy l ene chl oride part i t i oning with alka l ine s o lut ion 
re s pe c t ive ly. Chlors u l furon , su lfometuron met hy l  and 
met su l furon me thy l  were det ect ed by HPLC. The re coverie s  and 
s t andard deviat i ons are given in Tab l e  3 .  
Tab le 3 .  Re coveri e s  o f  chl ors u l furon, s u l fo meturon 
met hy l  and met su l furon methy l and 
s t andard deviat ions 
Mat rix Compound ppb added % re covery SD 
S o i l  Chl ors u l furon 1 1 . 5  7 7 . 5  3 . 1 
1 . 1 7 0 . 0  2 . 4  
Su l fometuron methy l . 18 . 5  7 8 . 5  6 . 3  
1 . 9 7 6 . 1  3 . 5  
Me t su l furon methy l  23 . 7  9 0 . 1  0 . 1 
2 . 4  7 2 . 8  2 . 7  
Wat er Chl orsu l furon 1 . 1 9 0 . 6  3 . 6  
0 . 1  6 2 . 9  2 . 2  
Su l fome turon methy l  1 . 9  9 0 . 6  4 . 9 
0 . 2  7 4 . 0  3 . 5  
Me t s u l furon methy l  2 . 4  84 . 0  5 . 3  
0 . 2  6 0 . 0  5 . 9  
3 3  
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R ESULTS AND D I SCUSS I ON 
S eve ra l typ e s  o f  ext ract ion, c l eanup and chromat o graphy 
have b een s tudied in thi s re s earch . Ace t oni t rile-wat er and 
methy lene chl o ride we re the b e s t  ext ract ion s o lvent s for s o i l  
analy s i s  and wat er ana ly s i s  respect ive ly , whereas methy l ene 
chl o ride part i t ioning with alka l ine s o lu t i on f o l l owed by TLC 
and methy l ene ch lo ride part i t i oning wi th a lka l ine s o lut ion 
were the b e s t  c l eanup met hods for s o i l  ana ly s i s  and wat er 
ana ly s i s  respe ct ive ly. The s e  ext rac t ion s olvent s gave good 
recove rie s  and the s e  c l eanup methods removed s ome b a ckground 
s o  that t he c ompo�nds chlorsu l furon, s u l fometuron me thy l  and 
met s u l furon me thy l  cou ld b e  det e rmined by HPLC at 2. 0 - ppb 
l evel  f o r  s o i l  and 0 . 2 - ppb leve l for wat er . HPLC was b et t er 
s u i  t ed fo r ana ly s i s  than GC , b e c au s e  the re was t o o  mu ch 
b ackground in GC. 
As ment i oned before, the de t e c t i on l imi t s fo r s o i l  
ana ly s i s  and wat er analy s i s  were 2. 0-ppb and 0. 2 - ppb 
r e s p e c t ive ly. The l imi t at i ons in the det erminat ion o f  
chl o rsu l furon, s u l fome turon methy l  and met su lfuron methy l  in 
s oi l  and wat er were: 
1 .  De t e ctor S ens it ivity 
The det e c t or  re spons e curves of chlorsu l furon, 
su l fometuron methy l  and met s u l furon methy l  are shown in 
Fi gure 3 when the de t e ct o r  was operat ed at s ens i t ivi t y 0. 0 0 5  
absorbance and wave l ength 2 2 0  nm. The det e c t o r  respons e was 
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Figure 3 .  UV detector responses for chlorsulfuron, 
sulfometuron methyl and metsulfuron methyl at 
sensitivity 0. 0 0 5  absorbance and 
wavelength 2 2 0  nm 
3 6  
l inear over these part i cu lar we i�ht rang e s  o f  these 
compounds. It  also can be seen that the minimum det e c t ab le 
quant i t ies of  these compounds were ab out 2 ng and thi s amount 
produ ced a peak around 3 mm in he ight . 
F igures 4 ,  5 and 6 are t he chromat ograms o f  
chlorsu l furon , su l fometuron me thy l  and met su l furon me thy l  
obt ained by inje ct ing 1 0  11 L  o f  0 .  0 0 0 1 149  mg/mL , 0 .  0 0 0 18 5 4  
mg/mL and 0. 00 0 2 3 7 4  mg/mL st andards re s p e c t ive ly. These 
chromat ographi c peaks disp l ayed repre s ent the det e c t ion 
l imi t s  of chlorsu l furon , su l f ome turon methy l  and met su l furon 
methy l. Conf irmat i on of the e lut ion o f  . the s e  c ompounds was 
obt ained by inj e c t ion o f  the concent rat ed st andards . F igures 
7 ,  8 and 9 are the chromat ograms o f  chl o rsu l furon , 
su l fometuron methy l  and me t s u l furon met hy l  obt ained by 
inj e c t ing 10 11L of 0. 0 0 1 14 9 8  mg/mL , 0. 0 0 1 8 54 mg/mL and 
0. 0 0 2 3 7 4  mg/mL st andards respect ive ly. 
The oret i c al ly , the det e c t o r  sens i t ivi ty  is not a 
l imi t at i on as l ong as the amount o f  so i l  o r  wat er  is large 
enough. But the more s o i l or wat er is u s ed , the more 
impuri t i es wi l l  be invo lved. Be cause o f  t he b ackground 
int erf erence , t he det e c t or sensi t ivi ty is a l imi t at ion in the 
de t erminat i on of ch lorsu l furon , su l fome turon me thy l and 
me tsu l fu ron met hy l . 
chl orsu l furon 
0 2 4 6 8 10 
RETEKTIOK TIME , min 
Figure 4 .  Chromat ograa of chlorsu l furon with 0 . 0 0 0 1 149 
mg/ mL  of concent rat io·n and 10 11L inJ ect ion at 
s ens i t ivity 0 . 00.5 absorbance and 
wave l ensth 220 na 
0 2 4 
sul fometuron methy l  
.J. 
6 a 1 0  - 1 2  
RETENTION TIME , min 
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Figure 5 .  chromatograa of  su l fometuron methy l  with 0 . 0 0 0 1854 
mg / mL o f  concent rat ion and 10 �L inj ect i on at 
s ens i t ivity 0 . 005 ab s o rbance and 
wave length 2 2 0  nm 
met su l furon methy l 
"' 
RETENTION TIME , min 
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Figure 6 .  Chromat ogra. of met su l furon methyl with 0 . 0 0 0 2 3 7 4  
mg / mL  of concent rat ion and 10 pL inj e ct i on at 
s ens it ivity 0 . 00 5  absorbance and 
wave length 220 nm 
0 2 
chlorsu l furon 
+ 
----- . / 
RETENTION TIME , min 
Figure 7 .  Chromat ograa of chlorsu l furon with 0 . 001 149 
mg / mL o f  concentrat ion and 10 �L inj e ct ion at 
s ens i t ivity 0 . 00 5  ab s o rb ance and 
wav e l ength 220 nm 
0 2 . 4 
sul fometuron methy l  
+ 
6 8 
RETENTION TIME min . ' 
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Figure 8 .  Chromatogra. o f  sulfoaeturon .. thy l  with 0 . 0018 54 
mg /mL o f  concent rat ion and 10 pL inj e ct ion at 
s ens i t ivity 0 . 00 5  absorbance and 
wavelength 2 2 0  na 
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Figure 9 .  Chromat ograa of met sul furon methy l  with 0 . 0 0 2 3 74 
mg / mL o f  concent rat ion and 10 pL inj ect i on at 
s ens i t ivity 0 . 005 ab s orbance and 
wave l ength 2 2 0  nm 
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2. Ba ckground 
It  s eemed reas onab le t o  u s e  more s o i l  or wat er or us e a 
sma l l er f inal vo lume t o  improve the det e ct i on l imi t s ,  but t he 
impurit i e s  were conc entrat ed in thi s way and t hey int erf ered 
with the det ermin·at i on. In this s tudy , a 5 0 0  g s amp l e  o f  s o i l  
s piked with 1. 9 - ppb s u l fometuron methy l  was u s ed. The fina l 
vo lume o f  su l fometuron methy l  di s s o lved in me t hy lene chloride 
was 1 ml , and 10 pL of thi s s o lu t i on was inj e c t ed. S inc e the 
s o lvent re covery o f  f i l trat ion and the re covery o f  extract ion 
were ab out 5 0% and 7 6 . 1% re spect ive ly , t he quant ity o f  
s ul fome t uron me thy l  inject ed int o the co lumn was 3 . 6  ng whi ch 
was c l o s e  t o  t he minimum det e c t ab l e  quant i t y  o f  su l f ometuron 
methy l . 
1. 9ng / g  X 5 0 0 g  X 5 0% X 7 6. 1% 
x lOpL  x l 0 - 3 mL/pL = 3 . 6ng 
1 mL 
The det e c t i on l imit cou ld no t b e  improved t o  0 .  2- ppb 
l eve l by reduc ing t he f inal vo lume t o  0. 1 ml or u s ing more 
s o i l , ot herwi s e  the b ackground would b e  t oo high . 
S inc e wat er has l e s s  b ackground , s u l fomet uron me thy l  in 
wat er cou ld be det ermined at 0. 2 - ppb l eve l.  A 5 00 g s amp l e  
o f  wat er sp iked with 0 .  2 ppb s u l f omet uron me thy l  was u s ed , 
t he fina l vo lume o f  s u l fometuron _ me t hy l  d i s s o lved in 
methy l ene chl oride was  0. 2 ml , and 10 pL o f  thi s s o lut ion was 
inj e c t ed. S inc e t he re covery of extract ion was 7 4. 0% , the 
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quant i ty o f  s u l fometuron methy l  inj e c t ed int o the co lumn was 
3 . 7 ng. 
0. 2ng/g X 5 0 0g X 74. 0% 
x 10 �L x l 0-3mL/�L = 3. 7ng 
0. 2 mL 
The l ower l eve l could no t b e  reached b e cau s e  o f  the 
b ackground int erferenc e. To  improve the det ec t i on l imi t s , one 
wou ld need t o  deve lop a b et t er c l e anup met hod . 
A l s o  u s ing a b et t er wave l ength i s  ano ther po s s ib le 
cho i ce t o  improve det e c t ion · l imit s.  The b e t t er wave l engths 
1 9 5  nm and 2 0 5  nm have b een tri ed , but t he impurit i e s  whi ch 
did no t show up at 2 2 0  nm int erfered with t he det erminat ion. 
The repre s ent at ive chromat o grams for det erminat i on o f  
chlors u l furon , su l fometuro� methy l  and met s u l furon methy l  in 
s o i l  and wat er are shown in Figure 10 and 11 re spect ive ly , 
in whi ch the de t e ct or was operat ed at s ens it ivi ty  0. 0 0 5  
ab s orb ance  and wave length 2 2 0  nm . 
B e s ide s the s i l t l o am from the Southeas t Experiment a l  
Farm , Bere s ford , S. D . , two o ther kind s o f  s o i l  have a l s o  
been u s ed. However , the b ackground was n o t  removed and it  
int erfered wi t h  t he det erminat i on. It  s eems that di f f erent 
s o i l  or wat er needs d i f ferent c l eanup met hod . 
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Figure 10 . Repre s ent at ive chromat ograms for det erminat ion 
o f  chl orsu l furon , s u l fometuron methy l  and 
met su l furon methy l  in s o i l  ( A )  Unsp iked cont ro l  
( B ) Cont ro l  spiked at 1 . 14 9 - ppb with 
chl orsu l furon ( C )  cont ro l  sp iked at 1 . 8 5 4 - ppb 
with s u l fometuron me thy l  ( D ) Cont ro l  sp iked 
at 2 . 3 7 4 - ppb with met sul furon methy l  
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F i gu re 1 1 . Repres ent at ive chromat ograms f o r  det erminat i on 
o f  chl o rs u l furon� sul fometuron methy l  and 
met su l furon methy l  in wat er  ( A )  Unsp iked cont ro l  
( B ) cont ro l  spiked at 0 . 1 14 9 - ppb wit h  
chl o rsu l fu ron ( C )  Cont ro l  sp iked a t  0 . 1 8 5 4 - ppb 
with s u l fometuron methy l  ( D ) Cont ro l spiked 
at 0 . 2 3 7 4 - ppb with met su l furon met hy l  
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CO N C L U S I O N  
The herb i c ide s chlo rsu l furon , s u l fome turon methy l  and 
• 
met su l fu ron methy l  can be measured in s o i l  and wat er . The 
det e c t ion l imi t s  are 2 . 0  ppb for s o i l  and 0 . 2  ppb f o r  wat er 
when a revers ed phas e HPLC s eparat i on is u s ed with a UV 
det e ct o r . 
8 0 : 2 0 ace t oni t ri l e - water and methy l ene chl o ride are the 
b e s t  s o lvent s t o  ext ract chl orsu l furon , s u l fome t uron methy l  
and met s u l furon methy l  from s o i l  and wat er  res p e c t ive ly . The 
b e s t  c l e anup method for  s o i l  i s  met hy l ene chlo ride 
part i t i oning with a lka l ine s o lu t i on fo l l owed by TLC and that 
for wat er is methy l ene chl oride part i t ioning w i t h  a lkal ine 
s o lu t ion . 
Background i s  a chi ef  l imi t at i on in det erminat ion . S ince 
wat er has l e s s  b ackground than s o i l , t he det e c t i on l imit for 
wat er s amp l e s  is t en t ime s b et t er than t hat for s o i l  s amp les . 
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Uihl e in , M . ; S i s t ovari s , N . J .  Chromat ogr . 19 8 2 , 2 2 7 , 9 3 . 
Waah l in- Bo l l , E . ; Me l ander , A .  J .  Chromat ogr . 1 9 7 9 , 
1 6 4 , 5 4 1 . 
Web er , D .  J .  J .  Pharm . S c i . 1 9 7 6 , 6 5 , 1 5 2 0 . 
Z ahnow , E .  W .  J .  Agri c .  Food Chern . 1 9 8 2 , 3 0 , 8 5 4 . 
Z ahnow , E .  W .  J . _ Agri c . Food Chern . 1 9 8 5 , 3 3 , 4 7 9 . 
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